LED ARRAY EXPOSURE DEVICE, CONTROLLING METHOD THEREOF, AND 
IMAGE FORMING APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an LED array exposure device for use in recording 
an image, a controlling method thereof, and an image forming apparatus using the LED array 
exposure device. 

Description of the Prior Art 

[0002] As a device for exposing a photoconductor with digital image information, there is 
a laser exposure device using laser beams for exposing or an LED array exposure device 
using a plurality of extremely small LEDs (light-emitting diodes), each of which corresponds 
to one dot of the digital image, is laid linearly in an array shape, and is arranged along an axis 
of the photoconductor (a direction of main scanning) for exposing the photoconductor. 
Particularly in recent years, the LED array exposure device has been extensively used for 
printers and other image forming apparatuses on the grounds that the LED array exposure 
device is smaller in size, lower in cost, easier to control, higher in reliability because no 
mechanical moving parts and the like are used. 

[0003] The LED array exposure device as mentioned above comprises a printed circuit 
board, an LED array chip mounted thereon, a driver IC for delivering current and driving the 
LED array chip, a lens array formed as a cluster by a plurality of lenses and arranged between 
a light-emitting plane of the LED array chip and the photoconductor so that light beams 
emitted from light-emitting elements (light-emitting diodes) are converged on the 
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photoconductor to form an image thereon, supporting members for supporting these 
components, and the like. 

[0004] One or a plurality of LED array chips are laid on the printed circuit board for 
exposing an entire effective scanning width, at least a width of a paper or wider, and 
constitute an exposing light source for forming an electrostatic latent image on the 
electrostatically charged photoconductor. Extremely small light-emitting elements, each of 
which corresponding to each of pixels of video data (image data) in a direction of main 
scanning, are aligned in a raw on the LED array chip. At least a total number of 5120 light- 
emitting elements are required for one or a plurality of LED array chips, when, for example, 
an A4 size recording width is to be exposed in a resolution of 600 dpi. 

[0005] The driver IC has a circuit for driving each light-emitting element so that the light- 
emitting element emits light, and one or a plurality driver ICs are mounted on the printed 
circuit board (or provided externally). The lens array is made by arranging a plurality of 
cylindrically shaped lenses in a cluster form so as to converge light beams emitted from the 
light-emitting elements on the photoconductor so that the photoconductor is exposed by a dot. 

[0006] However, the light intensity varies among the light-emitting elements. As a result, 
these variations show up as uneven densities or streaks in a visible image formed on a paper 
and cause a quality deterioration in a recorded image. To cope with this problem, a 
conventional LED array exposure device is provided with prearranged light intensity 
correction data for each light-emitting element for compensating for the intensity of light to 
be emitted therefrom so that exposure energy emitted from each light-emitting element is 
corrected in accordance with the light intensity correction data so that the exposing energy 
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becomes equal to each other 



[0007] Furthermore, when there are variations in resolving power due to an uneven layout 
of the lens array or when the light-emitting element is out of place and defocused due to an 
error in mounting the lens array, a dot shape formed on the photoconductor is deformed or the 
resolving power of each light-emitting element becomes uneven. Even if variations in light 
intensity among the light-emitting elements are corrected within ± 2%, if there are variations 
in resolving power because of the lens array, the uneven densities will appear conspicuously 
in a visible image. 

[0008] To overcome the above-mentioned problem, Japanese Patent Application Laid- 
Open No. 2002-67372 discloses an LED print head. In this LED print head, light from each 
light-emitting element is received and measured by a sensor portion, a relationship between the 
light and a scanning distance of the sensor portion is obtained, and light output of the light- 
emitting element is adjusted so that the intensity of the received light when sensitivity of a 
photoconductor is made to be threshold becomes a desired value. When a method in which the 
light output as measured above is converted into a theoretical beam diameter based on the 
threshold which is converted from the sensitivity of the photoconductor and the light output is 
adjusted accordingly so as to make the beam diameters uniform is employed, each beam 
diameter becomes equal to each other theoretically. 

[0009] However, if a granularity of the visible image is large, then uneven densities or 
streaks become conspicuous in the image. It has been shown that the magnitude of the 
granularity of image varies depending on such factors as a screen angle of pixel, a sensitivity 
of photoconductor, a surface temperature of photoconductor (the temperature that affects the 
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sensitivity of photoconductor), a developing bias voltage, or the like, which will be discussed 
later. 

[00010] In a color image forming apparatus that forms a full-color image by using three or 
four colors, the screen angle of the image for each color is different from each other. When a 
LED array exposure device is used in this type of image forming apparatus, the uneven 
densities or streaks become conspicuous due to the screen angles that are different from color 
to color. As a result, not only do uneven densities or streaks occur, but also color 
reproducibility is adversely affected and recording quality is significantly degraded. A black 
and white image forming apparatus that usually uses a screen angle of 45 degrees also suffers 
a similar degradation in recording quality. 

[00011] Furthermore, when the sensitivity of photoconductor is high, the photoconductor 
responds more sensitively to variations in light quantity and in beam spot area of the light- 
emitting element. This makes the uneven densities or streaks to be easily recognizable as if 
the variations were amplified. Particularly, in a tandem-type color image forming apparatus 
that uses a plurality of image forming sections for forming an image in different colors 
simultaneously, the photoconductors on which the image is formed are different. Because of 
this reason, unless variations in sensitivity are compensated, the magnitude of the uneven 
densities becomes different from color to color, thereby causing an adverse effect in 
reproducibility of colors. Moreover, depending on types, there are such photoconductors of 
which the sensitivity is largely influenced by the surface temperature thereof. This means that, 
if the photoconductor is highly temperature dependant, the same problem is caused by 
fluctuations of the surface temperature of the photoconductor. 



[00012] It has also been shown that the uneven densities tend to become conspicuous 
depending on the developing bias voltage to be applied to a developing roller during 
developing process in which a latent image is developed and made visible. Because the 
developing bias voltage acts as a so-called threshold value when the electrostatically charged 
latent image attracts toners, a higher bias voltage raises the threshold value for a high-density 
pixel and a lower bias voltage lowers the threshold value for a low-density pixel respectively. 
As a result of this, in either case, the variations in light quantity and in beam spot area among 
the light-emitting elements are reflected conspicuously so as to be easily recognized as 
uneven densities or streaks. Particularly, because properties of toners or developing units are 
different from color to color in the tandem-type color image forming apparatus, the bias 
voltage to be applied to each of the developing units may be set differently from each other. 
Moreover, even in a black and white image forming apparatus having a single developing unit, 
it is sometimes necessary to adjust and set a different bias voltage from apparatus to apparatus 
due to variations among components and apparatuses. In this case, the influence of different 
bias voltages exerted upon the occurrence of uneven densities and streaks cannot be ignored. 

[00013] However, the aforementioned conventional technology does not suggest 
performing a control for correcting for factors that aggravate the above-mentioned granularity 
of image. 

SUMMARY OF THE INVENTION 
[00014] An object of the present invention is, in light of the above-mentioned problems, to 
provide an LED array exposure device, a control method thereof, and an image forming 
apparatus using the LED array exposure device capable of forming an image whose density 
changes linearly with significantly reduced uneven densities or streaks appearing in the image 
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by way of applying corrections for variations in light quantity and beam spot area of each 
light-emitting element, and also by way of applying corrections for such a factor affecting a 
granularity of the image that is formed by the LED exposure device in accordance with pixel 
data having the gradation. 

[00015] To achieve the above object, according to the present invention, an LED array 
exposure device comprising a plurality of light-emitting elements for exposing a 
photoconductor so as to form an image, the light-emitting element, so as to be compensated 
for variations, driven by a driving current obtained from a standard driving current common 
to the light-emitting elements through a process of incorporating a light quantity correction 
coefficient for compensating for variations of a light quantity emitted from the light-emitting 
element and a beam spot area correction coefficient for compensating for variations of a beam 
spot area formed on the photoconductor, the light-emitting element being so controlled as to 
be driven by the driving current for a length of time in accordance with a gray level of an 
image pixel to which the light-emitting element corresponds, wherein the driving current for 
the light-emitting element is obtained from the standard driving current common to the light- 
emitting elements by incorporating the light quantity correction coefficient, the beam spot 
area correction coefficient, and further, a correction coefficient in accordance with a 
magnitude of a parameter that affects a granularity of the image. As a result of this 
configuration, the LED array exposure device relating to the present invention is capable of 
reducing significantly, particularly, uneven densities or streaks which appear in the image and 
which have not been effectively prevented by performing a conventional way of corrections 
only for variations in light quantity and in beam spot area. 

[00016] The beam spot area correction coefficient is a value that corresponds to a 
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magnitude of a difference between an average value obtained by averaging out beam spot 
areas of a plurality of light-emitting elements including the light-emitting element for which a 
correction is performed and the beam spot area of the light-emitting element for which a 
correction is performed. According to this configuration, an adverse effect caused by a sharp 
step-by-step correction and sudden changes in image density are hard to occur. 

[00017] Furthermore, the plurality of light-emitting elements are shifted along with the 
light-emitting element for which a correction is performed so that a moving average is 
obtained as the average value of beam spot areas. In this configuration, the correction is 
performed gradually, thereby causing borders of corrections hard to be recognized and further 
suppressing the occurrence of uneven densities or streaks. 

[00018] The plurality of light-emitting elements comprise the light-emitting element for 
which a correction is performed and light-emitting elements immediately following thereto. 
This configuration provides an advantage in which calculations or a circuit configuration for 
performing corrections is made simpler. 

[00019] The LED array exposure device comprises a plurality of LED array chips and the 
plurality of light-emitting elements comprise light-emitting elements within an identical LED 
array chip which includes the light-emitting element for which a correction is performed. 
Consequently, the correction control can be performed for each chip and its process either by 
software or circuitry is made easier. 

[00020] The parameter affecting the granularity of the image is a screen angle peculiar to 
an image pixel corresponding to the light-emitting element. Therefore, when the LED array 
exposure device is used in a full color image forming apparatus that produces from image 
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data that includes a different screen angle for cyan, magenta, yellow, and black, a full color 
image by superimposing these colors, it is possible to prevent the granularity of image among 
these colors or photoconductors from changing greatly and suppress the occurrence of uneven 
densities or streaks in the image significantly. 

[00021] The parameter affecting the granularity of the image is a sensitivity of the 
photoconductor. Therefore, when the LED array exposure device is used in a tandem-type full 
color image forming apparatus in which different photoconductors are used for each color of 
cyan, magenta, yellow, and black to form a full color image by superimposing these colors, it 
is possible to prevent the granularity of image among these colors or photoconductors from 
changing greatly and suppress the occurrence of uneven densities or streaks in the image 
significantly. 

[00022] The parameter affecting the granularity of the image is a surface temperature of the 
photoconductor. Therefore, not only when the LED array exposure device is used in a 
tandem-type full color image forming apparatus that uses different photoconductors, but also 
when it is used in a black and white or a full color image forming apparatus that uses a single 
photoconductor, it is possible to prevent the granularity of image from changing greatly by 
fluctuating surface temperature of the photoconductor and suppress the occurrence of uneven 
densities or streaks in the image significantly. 

[00023] The parameter affecting the granularity of the image is a developing bias voltage 
applied to a developing apparatus. Therefore, when the LED array exposure device is used in 
a tandem-type full color image forming apparatus in which different developing units are used 
for each color of cyan, magenta, yellow, and black to form a full color image by 
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superimposing these colors, it is possible to prevent the granularity of image among these 
colors or developing units from changing greatly and suppress the occurrence of uneven 
densities or streaks in the image significantly. 

[00024] Furthermore, according to another aspect of the present invention, an LED array 
exposure device comprising: a plurality of light-emitting elements for exposing a 
photoconductor so as to form an image, the light-emitting element, so as to be compensated 
for variations, driven by a driving current obtained from a standard driving current common 
to the plurality of light-emitting elements through a process of incorporating a light quantity 
correction coefficient for compensating for variations of a light quantity emitted from the 
light-emitting element and a beam spot area correction coefficient for compensating for 
variations of an area of a beam spot formed on the photoconductor, the light-emitting element 
being so controlled as to be driven by the driving current for a length of time in accordance 
with a gray level of an image pixel to which the light-emitting element corresponds, wherein, 
first, a driving current in a low gray level is obtained through a process of multiplying the 
standard driving current by a correction coefficient corresponding to a magnitude of a 
parameter affecting a granularity of the image when the image pixel has a low gray level, the 
beam spot area correction coefficient for the light-emitting element, and the light quantity 
correction coefficient for the light-emitting element; second, a driving current in a high gray 
level is obtained through a process of multiplying the standard driving current by a 
correction coefficient corresponding to a magnitude of a parameter affecting an granularity of 
the image when the image pixel has a high gray level, the beam spot area correction 
coefficient for the light-emitting element, and the light quantity correction coefficient for the 
light-emitting element; and finally, the driving current for driving the light-emitting element 
is obtained by using linear interpolation from the driving current in the low gray level to the 
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driving current in the high gray level in accordance with the gray level of the image pixel to 
which the light-emitting element corresponds. As a result of this configuration, the LED array 
exposure device relating to the present invention is capable of reducing significantly uneven 
densities or streaks which appear conspicuously in the image due to differences of the image 
granularities in a low and a high gray levels and which have not been effectively prevented by 
performing a conventional way of corrections only for variations in light quantity and in beam 
spot area. 

[00025] Furthermore, according to another aspect of the present invention, a controlling 
method of an LED array exposure device comprising a plurality of light-emitting elements for 
exposing a photoconductor, including: a first step of factoring a light quantity correction 
coefficient for correcting for a variation of a light quantity of a light-emitting element into a 
standard driving current common to the plurality of light-emitting elements; a second step of 
factoring a beam spot area correction coefficient for correcting for a variation of an area of a 
beam spot formed on the photoconductor by the light-emitting element into a value obtained 
in the first step; a third step of factoring a correction coefficient in accordance with a 
magnitude of a parameter that affects a granularity of the image formed on the 
photoconductor into a resultant value obtained in the second step; and a fourth step of driving 
the light-emitting element by feeding an amount of current equivalent to the value obtained in 
the third step. As a result of this configuration, the LED array exposure device relating to the 
present invention is capable of reducing significantly, particularly, uneven densities or streaks 
which appear in the image and which have not been effectively prevented by performing a 
conventional way of corrections only for variations in light quantity and in beam spot area. 

[00026] Furthermore, according to another aspect of the present invention, a controlling 
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method of an LED array exposure device comprising a plurality of light-emitting elements for 
exposing a photoconductor, including: a first step of obtaining a driving current in a low gray 
level through a process of multiplying a standard driving current common to the plurality of 
light-emitting elements by a) a light quantity correction coefficient for correcting for a 
variation of a light quantity of a light-emitting element, b) a beam spot area correction 
coefficient for correcting for a variation of an area of a beam spot formed on the 
photoconductor by the light-emitting element, and c) a correction coefficient corresponding to 
a magnitude of a parameter affecting a granularity of an image when a image pixel 
corresponding to the light-emitting element has a low gray level; a second step of obtaining a 
driving current in a high gray level through a process of multiplying the standard driving 
current common to the plurality of light-emitting elements by a) the light quantity correction 
coefficient for correcting for a variation of a light quantity of the light-emitting element, b) 
the beam spot area correction coefficient for correcting for a variation of an area of a beam 
spot formed on the photoconductor by the light-emitting element, and c) a correction 
coefficient corresponding to a magnitude of a parameter affecting a granularity of an image 
when the image pixel corresponding to the light-emitting element has a high gray level; and a 
third step of obtaining a driving current by which the light-emitting element is driven by using 
linear interpolation from the driving current in the low gray level to the driving current in the 
high gray level in accordance with a gray level of the image pixel to which the light-emitting 
element corresponds. As a result of this configuration, the LED array exposure device relating 
to the present invention is capable of reducing significantly, particularly, uneven densities or 
streaks which appear in the image and which have not been effectively prevented by 
performing a conventional way of corrections only for variations in light quantity and in beam 
spot area. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00027] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 is a simplified schematic diagram showing a front view of the LED array 
exposure device relating to the present invention; 

Fig. 2 is a simplified schematic diagram showing a top view of the LED array 
exposure device 17 relating to the present invention; 

Fig. 3 is a schematic diagram showing a partial front view when the LED array 
exposure device 1 7 is mounted in the color printer 1 1 ; 

Fig. 4 is a diagram showing how a correction for the screen angle affects the 
granularity of image; 

Fig. 5 is a diagram showing how a correction for the sensitivity of photoconductor 
affects the granularity of image; 

Fig. 6 is a diagram showing how a correction for the surface temperature of 
photoconductor affects the granularity of image; 

Fig. 7 is a schematic diagram showing a relationship between the exposure energy 
of light-emitting element and its dot area; 

Fig. 8 is a diagram showing how a correction for the developing bias voltage 
affects the granularity of image; 

Fig. 9 is a block diagram showing a simplified circuit of the color printer 1 1 in 
which the light-emitting elements are compensated for variations and driven accordingly; 

Fig. 10 is a flowchart-type schematic diagram showing the first correction method 
relating to the present invention to be performed in driving each light-emitting element; 
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Fig. 11 is a flowchart-type schematic diagram showing the second correction 
method relating to the present invention to be performed in driving each light-emitting 
element; 

Fig. 12 A, showing one of prior arts in which no correction is performed, is a 
schematic diagram showing a relationship between a driving current and a lighting time when 
the light-emitting element is driven by a standard driving current and emits light for a 
predetermined period of time; 

Fig. 12B, showing another of prior arts in which a correction is performed, is a 
schematic diagram showing a relationship between a driving current and a lighting time when 
the light-emitting element is driven by a driving current corrected for variations of light 
quantity and emits light for a period of time corresponding to the gray level of pixel; 

Fig. 12C is a schematic diagram showing a control method in which corrections 
are made at two points for the light quantity, the beam spot area, and the image granularity 
parameter so as to obtain a corrected driving current from the two points by using linear 
interpolation in order to drive each light-emitting element and turn it on for a duration 
corresponding to the gray level of pixel; 

Fig. 13A is a diagram showing a relationship between the screen angle and the 
granularity of image when the pixel has a high gray level; 

Fig. 13B is a diagram showing a relationship between the screen angle and the 
granularity of image when the pixel has a low gray level; 

Fig. 14A is a diagram showing a relationship between the sensitivity of 
photoconductor and the granularity of image when the pixel has a higher gray level; 

Fig. 14B is a diagram showing a relationship between the sensitivity of 
photoconductor and the granularity of image when the pixel has a lower gray level; 
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Fig. 15A is a diagram showing a relationship between the surface temperature of 
photoconductor and the granularity of image when the pixel has a higher gray level; 

Fig. 15B is a diagram showing a relationship between the surface temperature of 
photoconductor and the granularity of image when the pixel has a lower gray level; 

Fig. 16A is a diagram showing a relationship between the developing bias voltage 
and the granularity of image when the pixel has a higher gray level; 

Fig. 16B is a diagram showing a relationship between the developing bias voltage 
and the granularity of image when the pixel has a lower gray level; 

Fig. 17 is a block diagram showing the correction circuit 41 and peripheral circuits 
thereof shown in Fig. 9 more specifically; 

Fig. 1 8 is a flowchart-type schematic diagram showing the third correction method 
relating to the present invention to be performed in driving each light-emitting element; 

Fig. 19 is a flowchart-type schematic diagram showing the fourth correction 
method relating to the present invention to be performed in driving each light-emitting 
element; 

Fig. 20, based on Fig. 9 relating to the first and second correction methods, is a 
diagram showing a method in which two types of granularity parameters are fed in; a 
granularity correction coefficient by which the granularity is minimized is obtained through 
the optimization circuit; and thus obtained granularity correction coefficient is used in a 
correction circuit; and 

Fig. 21, based on Fig. 17 relating to the third and fourth correction methods, is a 
diagram showing a method in which two different types of granularity parameters are fed in; 
granularity correction coefficients by which the granularity is minimized for a lower and a 
higher gray levels respectively is obtained through the optimization circuit; and the correction 
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is performed by using a resultant value obtained by using linear interpolation whose 
calculation is performed in a two-point correction calculation circuit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00028] Hereinafter, embodiments of the present invention will be described with reference 
to the accompanying drawings. First, a color printer is taken as an example of an image 
forming apparatus using an LED array exposure device relating to the present invention, and 
structure thereof is briefly described. Fig. 1 is a simplified schematic diagram showing a front 
view of the LED array exposure device relating to the present invention. 

[00029] In Fig. 1, reference numeral 11 represents a color printer as an example of an 
image forming apparatus. The color printer 11 comprises a housing 12, an image forming 
section for black 13K, an image forming section for yellow 13Y, an image forming section 
for cyan 13C, an image forming section for magenta 13M, toner hoppers 20K, 20 Y, 20C, and 
20M respectively for each color, a paper feed cassette 23 for storing a plurality of papers 25, a 
paper feed guide 24, transport belt driving rollers 22a and 22b, a transport belt 21, an image 
transfer roller 19, a fuser section 26, a paper feed-out guide 27, and a paper feed-out section 
28. In addition, each of the image forming sections 13K, 13Y, 13M, and 13M for each color 
comprises a developing unit 14, a photoconductor 15, a main charging unit 16, an LED array 
exposure device 17, and a cleaning section 18. 

[00030] In the color printer 11, an electrostatic latent image is formed by the LED array 
exposure device 17 on the photoconductor 15 that has been charged by the main charging unit 
16. Then, the latent image is developed by the developing unit 14 so that a visible image is 
formed. This process is performed for each color. The paper 25 fed from the paper feed 
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cassette 23 is guided through the paper feed guide 25, sucked onto an upper face of the 
transport belt 21 which is rotating in counterclockwise direction as shown in the drawing, and 
transported further. Thereafter, when the paper 25 passes right under each of the image 
forming sections 13K, 13Y, 13M, and 13M for each color, the image in each color is 
transferred onto the paper one after another by the transfer roller 19. A lull-color image 
formed on the paper in this way is fixed when the paper 25 passes through the fusing section 
26. After that, the paper 25 is fed out in the paper feed-out section 28 guided by the paper 
feed-out guide 27. 

[00031] Next, the LED array exposure device 17 installed in the color printer 11 is 
described in details with reference to Fig. 2. Fig. 2 is a simplified schematic diagram showing 
a top view of the LED array exposure device 17 relating to the present invention. The LED 
array exposure device 17 comprises one or a plurality of LED array chips 31 laid in line on a 
substrate 30 having unillustrated wiring, a lens array 32 arranged over the LED array chips 31 
so as to form a full-size erect image, and one or a plurality of driver ICs 33 each including 
circuitry for driving unillustrated individual light-emitting elements that form the LED array 
chip 31. In actual cases, the substrate 30 and the lens array 32 are supported by unillustrated 
structural members. In some cases, a controller section 34 for performing a process of 
correction for lighting of each light-emitting element may be provided externally. 

[00032] Fig. 3 is a schematic diagram showing a partial front view when the LED array 
exposure device 17 is mounted in the color printer 11. Here, such components as are found 
also in Fig. 2 are identified with the same reference numerals and descriptions thereof are not 
repeated. In the drawing, reference numeral 18 is the drum-shaped photoconductor 15 rotating 
in a direction shown by an arrow. Shown also in the drawing in broken line is how the light 
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emitted from the light-emitting element is received and refracted by the lens array 32 so as to 
form an image on the surface of the photoconductor 15. 

[00033] As shown above, each light-emitting element is driven in accordance with pixel 
data included in print data that are transmitted to the color printer 1 1 shown in Fig. 1 from an 
unillustrated external PC, and emits light. The light forms an image as a dot on the 
photoconductor 15 through the lens array 32 (see Figs. 2 and 3). As explained about the 
conventional technology, in order to compensate for the variations in exposure energy of each 
light-emitting element, correction data are calculated based on a known method for correcting 
for a driving current and/or a lighting time of each light-emitting element according to the 
exposure energy, measured in advance, of each light-emitting element. Then, thus obtained 
correction data is memorized as a light quantity correction coefficient in a memory provided 
in the controller section 34 shown in Fig. 2, in an unillustrated controller section of the color 
printer 1 1 shown in Fig. 1, or in the LED array exposure device 17. 

[00034] Next, each beam spot area formed through the lens array 32 for all light-emitting 
elements included in an entire effective scanning width of the LED array exposure device 17 
is measured in advance. Each beam spot area, thus obtained, is memorized in the memory 
provided in the controller section 34 shown in Fig. 2, in an unillustrated controller section of 
the color printer 11 shown in Fig. 1, or in the LED array exposure device 17. Described 
hereunder are correction methods based on the light quantity correction coefficient and the 
beam spot area memorized in the above-mentioned memory for further reducing the uneven 
densities or streaks and for making it possible to form an image having a linearly changing 
halftones. 
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[00035] As mentioned before, the factors that affect the granularity of image include the 
screen angle of pixel, the sensitivity of photoconductor, the surface temperature of 
photoconductor, and the developing bias voltage. Hereinafter, these factors that influence the 
granularity of image are called granularity parameters of which details will be described 
below. 

[00036] 1) The screen angle of pixel. Fig. 4 is a diagram showing how a correction for the 
screen angle affects the granularity of image. The vertical axis shows the granularity and the 
horizontal axis shows the screen angle. A line with reference numeral al, bl, cl, or dl shows 
each relationship between the granularity with a correction intensity of 3, 5, 7, or 9 and the 
screen angle. The larger the correction intensity value is, the more intensively the correction is 
applied. 

[00037] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value becomes smaller. For this 
reason, the uneven densities or streaks appearing in the printed image tend to become 
conspicuous and easily recognizable by human eyes when the granularity value is larger. 
According to Fig. 4, it is understood that an image having a larger screen angle is prone to 
have a higher granularity and develop uneven densities or streaks unless the correction 
intensity is increased. By contrast, an image having a smaller screen angle will have a higher 
granularity and develop an identical problem if the correction intensity is increased. In other 
words, pixels printed at a larger screen angle tend to develop the uneven densities or streaks 
easily. 

[00038] 2) The sensitivity of photoconductor. Fig. 5 is a diagram showing how a correction 
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for the sensitivity of photoconductor affects the granularity of image. The vertical axis shows 
the granularity and the horizontal axis shows the sensitivity of photoconductor. A line with 
reference numeral al 5 bl, cl, or dl shows each relationship between the sensitivity of 
photoconductor with a correction intensity of 3, 5, 7, or 9 and the screen angle. The larger the 
correction intensity value is, the more intensively the correction is applied. 

[00039] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value becomes smaller. For this 
reason, the uneven densities or streaks appearing in the printed image tend to become 
conspicuous and easily recognizable by human eyes when the granularity value is larger. 
According to Fig. 5, it is understood that an image formed by a photoconductor having a 
higher sensitivity is prone to have a higher granularity and develop uneven densities or streaks 
unless the correction intensity is increased. By contrast, an image formed by a photoconductor 
having a lower sensitivity will have a higher granularity and develop an identical problem if 
the correction intensity is increased. In other words, pixels printed by using a photoconductor 
having a higher sensitivity tend to develop the uneven densities or streaks easily. 

[00040] 3) The surface temperature of photoconductor. Fig. 6 is a diagram showing how a 
correction for the surface temperature of photoconductor affects the granularity of image. The 
vertical axis shows the granularity and the horizontal axis shows the surface temperature of 
photoconductor. A line with reference numeral al, bl, cl, or dl shows each relationship 
between the granularity with a correction intensity of 3, 5, 7, or 9 and the surface temperature 
of photoconductor. The larger the correction intensity value is, the more intensively the 
correction is applied. 
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[00041] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value becomes smaller. For this 
reason, the uneven densities or streaks appearing in the printed image tend to become 
conspicuous and easily recognizable by human eyes when the granularity value is large. 
According to Fig. 6, it is understood that an image formed by a photoconductor having a 
higher surface temperature is prone to have a higher granularity and develop uneven densities 
or streaks unless the correction intensity is increased. By contrast, an image formed by a 
photoconductor having a lower surface temperature will have a higher granularity and 
develop an identical problem if the correction intensity is increased. In other words, pixels 
printed by using a photoconductor having a higher surface temperature tend to develop the 
uneven densities or streaks easily. 

[00042] 4) The developing bias voltage. General outlines of the influence by the 
developing bias voltage are explained with reference to Fig. 7. Fig. 7 is a schematic diagram 
showing a relationship between the exposure energy of light-emitting element and its dot area. 
Curved lines el and e2 show the exposure energy, curved lines e3 and e4 show exposure 
beam spot areas, and curved lines e5 and e6 show dot areas of images developed by applying 
a predetermined developing bias voltage. It is assumed that the amounts of energy (areas 
enclosed by the curved lines) shown by the exposure energy curved lines el and e2 are 
identical. It is understood from Fig. 7 that the exposure beams spot areas are different 
between the two because of variations of the light-emitting elements and the lens array 32, 
even if the both of them have the identical exposure energy (light quantity). Moreover, the dot 
areas of image being developed, as shown by the curved lines e5 and e6, are different 
according to the developing bias voltage applied at the time of development process. 
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[00043] Fig. 8 is a diagram showing how a correction for the developing bias voltage 
affects the granularity of image. The vertical axis shows the granularity and the horizontal 
axis shows the developing bias voltage. A line with reference numeral al, bl, cl, or dl shows 
each relationship between the granularity with a correction intensity of 3, 5, 7, or 9 and the 
developing bias voltage. The larger the correction intensity value is, the more intensively the 
correction is applied. 

[00044] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value is smaller. For this reason, 
the uneven densities or streaks appearing in the printed image tend to become conspicuous 
and easily recognizable by human eyes when the granularity value is large. According to Fig. 
8, it is understood that an image developed by applying a higher developing bias voltage is 
prone to have a higher granularity and develop uneven densities or streaks unless the 
correction intensity is increased. By contrast, an image developed by applying a higher 
developing bias voltage will have a higher granularity and develop an identical problem if the 
correction intensity is increased. In other words, pixels developed by applying a higher 
developing bias voltage tend to develop the uneven densities or streaks easily. 

[00045] Next, how to control the LED array exposure device 17 by applying the 
granularity parameter will be described with reference to Fig. 9. Fig. 9 is a block diagram 
showing a simplified circuit of the color printer 1 1 in which the light-emitting elements are 
compensated for variations and driven accordingly. The circuit comprises a print controller 40, 
a correction circuit 41 for making corrections, a light quantity correction coefficient memory 
42 for memorizing the light quantity correction coefficients, a beam spot area memory 43 for 
memorizing the beam spot areas, and the LED array exposure device 17. Additionally, a PC is 
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an information processing apparatus such as, for example, a personal computer. 

[00046] According to a configuration shown in Fig. 9, first, print data rasterized 
(disassembled into pixels) by the PC are fed to the print controller 40 together with a print 
control signal. By receiving these, the print controller 40 feeds out an image signal, for 
example, for every scan line, to the correction circuit 41 and, at the same time, also feeds out 
a print drive signal to the LED array exposure device 17 to start printing. The correction 
circuit 41 has a parameter input terminal 41a to which the granularity parameter is input. This 
parameter input terminal 41a receives one of the aforementioned screen angle of image, 
sensitivity of photoconductor, surface temperature of photoconductor, and developing bias 
voltage. 

[00047] When the granularity parameter is the screen angle, because the print data includes 
information regarding the screen angle, the screen angle for each pixel is fed to the parameter 
input terminal 41a through the print controller 40 from the PC. 

[00048] When the granularity parameter is the sensitivity of photoconductor, the 
sensitivity of photoconductor is input by way of an operation on an unillustrated operation 
section of the color printer 1 1 when the photoconductor is fitted or replaced, and the 
sensitivity of photoconductor is memorized in an unillustrated memory provided in the color 
printer 11. It is also possible to input the sensitivity of photoconductor by way of a printer 
driver program and memorize it in the memory. Thereafter, thus memorized sensitivity of 
photoconductor is fed to the input terminal 41a when the control is performed. 



[00049] When the granularity parameter is the surface temperature of photoconductor, for 
example, by installing an unillustrated temperature sensor in close proximity to the surface of 
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each photoconductor 15 shown in Fig. 1, the changing temperature outputted from the sensor 
is converted from analog to digital data and fed to the parameter input terminal 41a. 

[00050] When the granularity parameter is the developing bias voltage, the developing bias 
voltage applied to an unillustrated developing roller in the developing unit 14 of the color 
printer 1 1 shown in Fig. 1 is converted from analog to digital data and fed to the parameter 
input terminal 41a. 

[00051] When the correction circuit 41 receives one of the above-mentioned granularity 
parameters and the image signal, the correction circuit 41, based on the pixel data included in 
the image signal, reads from the light quantity correction coefficient memory 42 and the beam 
spot area memory 43 the light quantity correction coefficient and the beam spot area for the 
light-emitting element corresponding to the pixel respectively. Thereafter, the correction 
circuit 41, by performing a correction in such a way as will be described later by using one of 
the aforementioned parameters, feeds the resultant signal as a corrected image signal for 
driving the light-emitting element to the LED array exposure device 17 together with a clock 
signal for timing the lighting. Here, the amount of the corrected image signal to be fed is 
either for one scan line or for one scan block that is a division of one scan line. A latch signal 
is also fed out to the LED array exposure device 17 so that the LED array exposure device 17 
latches that amount of corrected image signal and emits light simultaneously. 

[00052] Next, as correction methods of the LED array exposure device 17 for the 
aforementioned parameters, a first and a second correction methods will be described with 
reference to Fig. 9 to Fig. 1 1 . Although, in the interest of clarity, the granularity parameters 
are exemplified by the screen angle of pixel in the following descriptions, it is possible to 
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replace the screen angle of pixel and parts relating thereto with the sensitivity of 
photoconductor, the surface temperature of photoconductor, or the developing bias voltage. In 
addition, a large or a small screen angle corresponds to a high or a low sensitivity of 
photoconductor, a high or a low surface temperature of photoconductor, and a high or a low 
developing bias voltage respectively. 

[00053] <First correction method> 

As explained before, according to the present invention, along with the conventional 
correction for the light quantity and for the beam spot area, the correction for the granularity 
parameter is performed. The first correction method of such a correction is described with 
reference to Fig. 10. Fig. 10 is a flowchart-type schematic diagram showing the first 
correction method relating to the present invention to be performed in driving each light- 
emitting element. To simplify the descriptions, one correction group is assumed to be 
composed of five light-emitting elements. However, it is desirable that one correction group 
comprise one LED array chip or 32 to 256 light-emitting elements in actual cases. 

[00054] In Fig. 10, in the first step SI, pixel data to be printed are taken into the correction 
circuit 41. Here, a first pixel is pixel #1 and pixels up to pixel #5 are shown. In the next step 
S2, the screen angle S for each of the pixels #1 to #5 is read. Usually, the screen angles for a 
particular color within a page to be printed are identical and this example shows a screen 
angle set at 90 degrees. In S3, the light quantity correction coefficient L of the light-emitting 
element corresponding to each pixel is read. In S4, the beam spot area A of the light-emitting 
element corresponding to each pixel is read. In S5, an average value Mof the beam spot areas 
of pixel #1 to #5 is calculated. In S6, a difference D (M - A) between the average value M 
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and the beam spot area A for each pixel is calculated. Furthermore, in S7, a ratio P (D/M) of 
each difference D to the average value M is calculated. 

[00055] The larger an absolute value of the ratio P obtained in this way is, the more the 
beam spot area A of the light-emitting element corresponding to that pixel varies from the 
average of the group. Because of this reason, in S8, the ratio P obtained as above is weighted 
for correction. Coefficients required for correcting for the ratio P to the degree corresponding 
to the weight thereof should be obtained through a separate test. Thus obtained coefficient is 
called a beam spot area correction coefficient B. In the next step S9, the screen angle S for the 
pixel is read and finally a correction coefficient C is obtained through a process of assigning a 
weight according to the screen angle S (a process of screen angle correction coefficient 
calculation) so that a stronger correction is applied if the screen angle S is larger or a weaker 
correction is applied if the screen angle S is smaller as explained before. Finally, in step S10, 
a standard driving current for the light-emitting elements is multiplied by the light quantity 
correction coefficient L for each pixel and further multiplied by the correction coefficient C 
obtained as mentioned above so as to produce a driving current / for each light-emitting 
element. 

[00056] Because the light-emitting element of the LED array exposure device 17 is 
corrected with consideration given to the influence of the lens array 32 for variations 
appearing in the observed image which is affected by the light quantity, the beam spot area, or 
the screen angle, it is possible to achieve a substantial reduction in the occurrence of the 
uneven densities or streaks. In the example explained above, because the correction is 
performed for each light-emitting element within a group consisting of five by averaging the 
group, the pixels are printed uniformly if the average values between the groups are almost 
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identical. However, if the average value differs from group to group, it is possible to obtain 
more effective results by employing the following method. 

[00057] <Second correction method> 

Fig. 1 1 is a flowchart-type schematic diagram showing the second correction method relating 
to the present invention to be performed in driving each light-emitting element. To simplify 
the descriptions, one correction group is assumed to be composed of five light-emitting 
elements. However, it is desirable that one correction group comprise one LED array chip or 
32 to 256 light-emitting elements in actual cases. , 

[00058] In Fig. 11, in the first step S21, AT pieces of pixel data for each scan line or scan 
block (e.g., an LED array chip as a unit) to be printed are taken into the correction circuit 41. 
The pixels are numbered from #1 to #N and a particular pixel is pixel #«. In S21, the pixels 
from the first pixel #1 to pixel #9 are shown in the drawing. In the next step S22, the screen 
angle S corresponding to the pixel already taken is read. Usually, the screen angles for a 
particular color within a page to be printed are identical and this example shows a screen 
angle set at 90°. In S23, the light quantity correction coefficient L of the light-emitting 
element corresponding to each pixel is read. In S24, the beam spot area A of the light-emitting 
element corresponding to each pixel is read. In S25-1, by making pixel #1 a targeted pixel, an 
average value Ml of the beam spot areas A for pixel #1 to #5 is calculated. In S25-2, by 
making pixel #2 a targeted pixel, an average value M2 of the beam spot areas A for pixel #2 to 
#6 is calculated. In S25-3, by making pixel #3 a targeted pixel, an average value M3 of the 
beam spot areas A for pixel #3 to #7 is calculated. In S25-4, by making pixel #4 a targeted 
pixel, an average value M4 of the beam spot areas A for pixel #4 to #8 is calculated. In S25-5, 
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by making pixel #5 a targeted pixel, an average value M5 of the beam spot areas A for pixel 
#5 to #9 is calculated. In the same manner, the average values Mn are obtained until the 
targeted pixel becomes pixel #N. 

[00059] In actual cases, the light-emitting elements are laid beyond the effective scanning 
width. Therefore, if the average value M is to be obtained by making the last pixel #N a 
targeted pixel within the effective scanning width, it is possible to use the light-emitting 
elements laid beyond the effective scanning width. Alternatively, it is also possible to reduce 
a sampling number for calculating the average value M for a region including the last pixel. In 
S26, a difference Dn (Mn - An) between the average value Mn for the targeted pixel #n and 
the beam spot area An of that pixel is calculated. Furthermore, in S27, a ratio Pn (Dn/Mn) of 
the difference Dn to the average value Mn is calculated. 

[00060] The larger an absolute value of the ratio Pn obtained in this way is, the more the 
beam spot area An of the light-emitting element corresponding to that pixel varies from the 
average of the group. Because of this reason, in S28, the ratio Pn obtained as above is 
weighted for correction. Coefficients required for correcting for the ratio Pn to the degree 
corresponding to the weight thereof should be obtained through a separate test. Thus obtained 
coefficient is called a beam spot area correction coefficient Bn. In the next step S29, the 
screen angle S of the pixel is read and finally a correction coefficient Cn is obtained through a 
process of assigning weights according to the screen angle S (a process of screen angle 
correction coefficient calculation) so that a stronger correction is applied if the screen angle S 
is larger or a weaker correction is applied if the screen angle S is smaller as explained before. 
Finally, in step S30, a standard driving current for the light-emitting elements is multiplied by 
the light quantity correction coefficient Ln for each pixel and further multiplied by the 
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correction coefficient Cn obtained in step S29 so as to produce a driving current In for each 
light-emitting element. 

[00061] In the above-mentioned method, by using an average value (moving average) of a 
moving group based on the targeted pixel, the light-emitting element of the LED array 
exposure device 17 is corrected with consideration given to the influence of the lens array 32 
for variations appearing in the observed image which is affected by the light quantity, the 
beam spot area, or the screen angle. Because the correction is based on the moving average, it 
is possible to make lenient continuous corrections and thus further reduce the occurrence of 
the uneven densities or streaks. 

[00062] The aforementioned first and second correction methods are for the correction 
when the granularity parameter influences images regardless of a gray level of pixel. By 
analyzing the images thoroughly, there may be cases in which the degree of the influence 
differs depending on the gray level of pixel. A concept in controlling the exposure energy of 
the light-emitting element by a driving current and a lighting time is described with reference 
to Fig. 12AtoFig. 12C. 

[00063] Fig. 12A, showing one of prior arts in which no correction is performed, is a 
schematic diagram showing a relationship between a driving current and a lighting time when 
the light-emitting element is driven by a standard driving current and emits light for a 
predetermined length of time. Fig. 12B, showing another of prior arts in which a correction is 
performed, is a schematic diagram showing a relationship between a driving current and a 
lighting time when the light-emitting element is driven by a driving current corrected for 
variations of light quantity and emits light for a length of time corresponding to the gray level 
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of pixel. Fig. 12C is a schematic diagram showing a control method in which corrections are 
performed at two points for the light quantity, the beam spot area, and the image granularity 
parameter so as to obtain a corrected driving current from the two points by using linear 
interpolation in order to drive each light-emitting element and turn it on for a duration 
corresponding to the gray level of pixel. These illustrations show examples in which a pixel 
has 4 bits as 16-gray level data, and the light-emitting element corresponding to this pixel 
emits light in 16 lengths of time (horizontal axis). Moreover, These illustrations show the 
examples in which the light-emitting element is controlled by a driving current comprising 6- 
bit data, that is, 64 levels of current (vertical axis). 

[00064] As shown in Fig. 12 A, when a correction is not performed for the variation of each 
light-emitting element, all of the light-emitting elements are driven by an identical standard 
driving current II for a duration corresponding to the gray level specific to the pixel (time 2 in 
the illustrated example). However, in order to cope with the variation of light quantity of each 
light-emitting element, as shown in Fig. 12B, the light-emitting element is driven by current 
12 corrected for light quantity as opposed to the standard driving current II, for the duration 
corresponding to the gray level of the pixel. Consequently, the current 12 corrected for light 
quantity is different for each light-emitting element. The example shown in Fig. 12B is 
effective for the problem caused by the variation of light quantity. 

[00065] As described before, due to variations or fitting errors of the lens array 32, the 
beam spot area varies when the beam forms an image. For this reason, a correction for the 
beam sport area is also necessary. In addition, if the image granularity is large, then the 
uneven densities or streaks become conspicuous. The magnitude of the granularity is also 
affected by the gray level of pixel. Therefore, when the gray level of pixel has a significant 
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impact, then a correction for the granularity parameter in accordance with the gray level of 
pixel becomes necessary. 

[00066] Fig. 12C shows a control method, embodying the present invention, in which a 
correction is made for the granularity parameter in accordance with the gray level of pixel at 
two points, a low gray level and a high gray level (driving currents la and lb at points a and b 
respectively in the drawing) and a driving current is obtained by using linear interpolation 
from these two points. According to the example shown in Fig. 12C, the light-emitting 
element is driven by a corrected driving current 13 for the duration (time 2) corresponding to 
the gray level of the pixel. 

[00067] As mentioned before, the factors that affect the granularity of image include the 
screen angle of pixel, the sensitivity of photoconductor, the surface temperature of 
photoconductor, and the developing bias voltage. These granularity parameters will be 
described below. 

[00068] 1) The screen angle of pixel. Fig. 13A is a diagram showing a relationship between 
the screen angle and the granularity of image when the pixel has a high gray level. By contrast, 
Fig. 13B is a diagram showing a relationship between the screen angle and the granularity of 
image when the pixel has a low gray level. In these illustrations, the vertical axis shows the 
granularity and the horizontal axis shows the screen angle (°). A line with reference numeral 
a2, b2, c2, or d2 shows a relationship between the granularity and the screen angle for a high 
gray level when a correction intensity of 3, 5, 7, or 9 is applied respectively and a line with 
reference numeral a3, b3, c3, or d3 shows a relationship between the granularity and the 
screen angle for a low gray level when a correction intensity of 3, 5, 7, or 9 is applied 
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respectively. The larger the correction intensity value is, the more intensively the correction is 
applied. 

[00069] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value becomes smaller. For this 
reason, the uneven densities or streaks appearing in the printed image tend to become 
conspicuous and easily recognizable by human eyes when the granularity value is large. 
According to Fig. 13 A, it is understood that a pixel having a higher gray level and a larger 
screen angle is prone to produce a larger granularity and develop uneven densities or streaks 
unless the correction intensity is increased. By contrast, a pixel having a higher gray level and 
a smaller screen angle will produce a larger granularity and develop an identical problem if 
the correction intensity is increased. In other words, pixels having a higher gray level and 
printed at a larger screen angle tend to develop uneven densities or streaks easily. 

[00070] When a pixel having a lower gray level is printed as shown in Fig. 13B, it is 
understood that a pixel having a larger screen angle is prone to produce a larger granularity 
and develop uneven densities or streaks unless the correction intensity is decreased. By 
contrast, a pixel having a smaller screen angle will produce a larger granularity and develop 
an identical problem if the correction intensity is decreased. In other words, pixels having a 
lower gray level and printed at a smaller screen angle tend to develop uneven densities or 
streaks that are easily recognized. 

[00071] As explained, it is understood that a correction appropriate for the screen angle 
should be chosen according to the gray level of pixel. For example, judging from Fig. 13 A 
and Fig. 13B, when the screen angle is large, the correction intensity 9 shown in Fig. 13A and 
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the correction intensity 3 shown in Fig. 13B should be selectively applied for a pixel having a 
higher gray level and a pixel having a lower gray level respectively so as to minimize the 
granularity in both of the cases. When the screen angle is smaller, the correction intensity 3 
shown in Fig. 13A and the correction intensity 9 shown in Fig. 13B should be selectively 
applied for a pixel having a higher gray level and a pixel having a lower gray level 
respectively so as to minimize the granularity in both of the cases. 

[00072] For this reason, as shown in Fig. 12C, correction values are obtained in 
consideration of the screen angel at two points, a low gray level and a high gray level (point a 
and point b in the drawing), respectively. Next, a corrected driving current 13 is calculated by 
using linear interpolation from these two points in accordance with the gray level of pixel 
(time 2 in the example). 

[00073] 2) The sensitivity of photoconductor. Fig. 14A is a diagram showing a relationship 
between the sensitivity of photoconductor and the granularity of image when the pixel has a 
higher gray level. By contrast, Fig. 14B is a diagram showing a relationship between the 
sensitivity of photoconductor and the granularity of image when the pixel has a lower gray 
level. In these illustrations, the vertical axis shows the granularity and the horizontal axis 
shows the sensitivity of photoconductor (cm 2 /jiJ). A line with reference numeral a2, b2, c2, or 
d2 shows a relationship between the granularity and the sensitivity of photoconductor for a 
higher gray level when a correction intensity of 3, 5, 7, or 9 is applied respectively and a line 
with reference numeral a3, b3, c3, or d3 shows a relationship between the granularity and the 
sensitivity of photoconductor for a lower gray level when a correction intensity of 3, 5, 7, or 9 
is applied respectively. The larger the correction intensity value is, the more intensively the 
correction is applied. 
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[00074] The printed image becomes coarser when the granularity value becomes larger, 
and the printed image becomes finer when the granularity value becomes smaller. For this 
reason, the uneven densities or streaks appearing in the printed image tend to become 
conspicuous and easily recognizable by human eyes when the granularity value is large. 
According to Fig. 14 A, it is understood that a pixel having a higher gray level when printed 
by using a photoconductor having a higher sensitivity is prone to produce a larger granularity 
and develop uneven densities or streaks unless the correction intensity is increased. By 
contrast, a pixel having a higher gray level when printed by using a photoconductor having a 
lower sensitivity will produce a larger granularity and develop an identical problem if the 
correction intensity is increased. In other words, pixels having a higher gray level and printed 
by using a photoconductor having a higher sensitivity tend to develop uneven densities or 
streaks easily. 

[00075] When a pixel having a lower gray level is printed as shown in Fig. 14B, it is 
understood that a pixel when printed by using a photoconductor having a higher sensitivity is 
prone to produce a larger granularity and develop uneven densities or streaks unless the 
correction intensity is decreased. By contrast, a pixel when printed by using a photoconductor 
having a lower sensitivity will produce a larger granularity and develop an identical problem 
if the correction intensity is decreased. In other words, pixels having a lower gray level and 
printed by using a photoconductor having a lower sensitivity tend to develop uneven densities 
or streaks that are easily recognized. 

[00076] As explained, it is understood that a correction appropriate for the sensitivity of 
photoconductor should be chosen according to the gray level of pixel. For example, judging 
from Fig. 14A and Fig. 14B, when a photoconductor having a higher sensitivity is used, the 
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correction intensity 9 shown in Fig. 14A and the correction intensity 3 shown in Fig. 14B 
should be selectively applied for a pixel having a higher gray level and a pixel having a lower 
gray level respectively so as to minimize the granularity in both of the cases. When the 
sensitivity of photoconductor is lower, the correction intensity 3 shown in Fig. 14A and the 
correction intensity 9 shown in Fig. 14B should be selectively applied for a pixel having a 
higher gray level and a pixel having a lower gray level respectively so as to minimize the 
granularity in both of the cases. 

[00077] 3) The surface temperature of photoconductor. Fig. 15A is a diagram showing a 
relationship between the surface temperature of photoconductor and the granularity of image 
when the pixel has a higher gray level. By contrast, Fig. 15B is a diagram showing a 
relationship between the surface temperature of photoconductor and the granularity of image 
when the pixel has a lower gray level. In these illustrations, the vertical axis shows the 
granularity and the horizontal axis shows the surface temperature of photoconductor (°C). A 
line with reference numeral a2, b2, c2, or d2 shows a relationship between the granularity and 
the surface temperature of photoconductor for a higher gray level when a correction intensity 
of 3, 5, 7, or 9 is applied respectively and a line with reference numeral a3, b3, c3, or d3 
shows a relationship between the granularity and the surface temperature of photoconductor 
for a lower gray level when a correction intensity of 3, 5, 7, or 9 is applied respectively. The 
larger the correction intensity value is, the more intensively the correction is applied. 

[00078] The printed image becomes coarser when the granularity value is larger, and the 
printed image becomes finer when the granularity value is smaller. For this reason, the uneven 
density or streaks appearing in the printed image tend to become conspicuous and easily 
recognizable by human eyes when the granularity value is large. According to Fig. 15 A, it is 
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understood that a pixel having a higher gray level when printed by using a photoconductor 
having a higher surface temperature is prone to produce a larger granularity and develop 
uneven densities or streaks unless the correction intensity is increased. By contrast, a pixel 
having a higher gray level when printed by using a photoconductor having a lower surface 
temperature will produce a larger granularity and develop an identical problem if the 
correction intensity is increased. In other words, pixels having a higher gray level and printed 
by using a photoconductor having a higher surface temperature tend to develop uneven 
densities or streaks easily. 

[00079] When a pixel having a lower gray level is printed as shown in Fig. 15B, it is 
understood that a pixel when printed by using a photoconductor having a higher surface 
temperature is prone to produce a larger granularity and develop uneven densities or streaks 
unless the correction intensity is decreased. By contrast, a pixel when printed by using a 
photoconductor having a lower surface temperature will produce a larger granularity and 
develop an identical problem if the correction intensity is decreased. In other words, pixels 
having a lower gray level and printed by using a photoconductor having a lower surface 
temperature tend to develop uneven densities or streaks that are easily recognized. 

[00080] As explained, it is understood that a correction appropriate for the surface 
temperature of photoconductor should be chosen according to the gray level of pixel. For 
example, judging from Fig. 15A and Fig. 15B, when a photoconductor having a higher 
surface temperature is used, the correction intensity 9 shown in Fig. 15A and the correction 
intensity 3 shown in Fig. 1 5B should be selectively applied for a pixel having a higher gray 
level and a pixel having a lower gray level respectively so as to minimize the granularity in 
both of the cases. When the surface temperature of photoconductor is lower, the correction 
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intensity 3 shown in Fig. 15A and the correction intensity 9 shown in Fig. 15B should be 
selectively applied for a pixel having a higher gray level and a pixel having a lower gray level 
respectively so as to minimize the granularity in both of the cases. 

[00081] 4) The developing bias voltage. Fig. 16A is a diagram showing a relationship 
between the developing bias voltage and the granularity of image when the pixel has a higher 
gray level. By contrast, Fig. 1 6B is a diagram showing a relationship between the developing 
bias voltage and the granularity of image when the pixel has a lower gray level. In these 
illustrations, the vertical axis shows the granularity and the horizontal axis shows the 
developing bias voltage (V). A line with reference numeral a2, b2, c2, or 62 shows a 
relationship between the granularity and the developing bias voltage for a higher gray level 
when a correction intensity of 3, 5, 7, or 9 is applied respectively and a line with reference 
numeral a3, b3, c3, or d3 shows a relationship between the granularity and the developing 
bias voltage for a lower gray level when a correction intensity of 3, 5, 7, or 9 is applied 
respectively. The larger the correction intensity value is, the more intensively the correction is 
applied. 

[00082] The printed image becomes coarser when the granularity value is larger, and the 
printed image becomes finer when the granularity value is smaller. For this reason, the uneven 
densities or streaks appearing in the printed image tend to become conspicuous and easily 
recognizable by human eyes when the granularity value is large. According to Fig. 16A, it is 
understood that a pixel having a higher gray level when developed by using a higher 
developing bias voltage is prone to produce a larger granularity and develop uneven densities 
or streaks unless the correction intensity is increased. By contrast, a pixel having a higher 
gray level when developed by using a lower developing bias voltage will produce a larger 
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granularity and develop an identical problem if the correction intensity is increased. In other 
words, pixels having a higher gray level and developed by using a higher developing bias 
voltage tend to develop uneven densities or streaks easily. 

[00083] When a pixel having a lower gray level is printed as shown in Fig. 16B, it is 
understood that a pixel when developed by using a higher developing bias voltage is prone to 
produce a larger granularity and develop uneven densities or streaks unless the correction 
intensity is decreased. By contrast, a pixel when developed by using a lower developing bias 
voltage will produce a larger granularity and develop an identical problem if the correction 
intensity is decreased. In other words, pixels having a lower gray level and developed by 
using a lower developing bias voltage tend to develop uneven densities or streaks that are 
easily recognized. 

[00084] As explained, it is understood that a correction appropriate for the developing bias 
voltage should be chosen according to the gray level of pixel even if the same developing bias 
voltage is applied to a developing roller. For example, judging from Fig. 16A and Fig. 16B, 
when a developing process is performed with an application of a higher developing bias 
voltage, the correction intensity 9 shown in Fig. 16A and the correction intensity 3 shown in 
Fig. 16B should be selectively applied for a pixel having a higher gray level and a pixel 
having a lower gray level respectively so as to minimize the granularity in both of the cases. 
When a developing process is performed with an application of a lower developing bias 
voltage, the correction intensity 3 shown in Fig. 16A and the correction intensity 9 shown in 
Fig. 16B should be selectively applied for a pixel having a higher gray level and a pixel 
having a lower gray level respectively so as to minimize the granularity in both of the cases. 
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[00085] Next, how to control the LED array exposure device 1 7 by adding a correction for 
the granularity parameter when a pixel has a higher gray level and when a pixel has a lower 
gray level will be described with reference to Fig. 17. 

[00086] Fig. 17 is a block diagram showing the correction circuit 41 and peripheral circuits 
thereof shown in Fig. 9 more specifically. The gray level of pixel is represented by 4 bits (16 
gray levels). Moreover, it is assumed that the light-emitting element corresponding to the 
pixel is driven by a driving current represented by 6-bit data (64 levels). In Fig. 17, when an 
image signal is fed to the correction circuit 41, the correction circuit 41 reads the beam spot 
area A of the light-emitting element corresponding to each pixel from a beam spot area 
memory 43, performs a correction described later for the beam spot area A by using a beam 
spot area correction circuit 50, and feeds the resultant value as a beam spot area correction 
coefficient B to a two-point correction calculation circuit 52. The two-point correction 
calculation circuit 52 is fed with a parameter (screen angle, sensitivity of photoconductor, 
surface temperature of photoconductor, or developing bias voltage) that affects the granularity 
and with a gray level G of pixel included in the image signal. Furthermore, the two-point 
correction calculation circuit 52 reads a light quantity correction coefficient L of the light- 
emitting element corresponding to each pixel from a light quantity correction coefficient 
memory 42 and calculates a driving current la comprising 6 bits at the point a (low gray level) 
and a driving current lb also comprising 6 bits at the point b (high gray level) in a manner 
discussed later. 

[00087] A granularity parameter correction coefficient memory 51 memorizes correction 
coefficients corresponding to the higher gray level and the lower gray level respectively for 
each screen angle if the granularity parameter is the screen angle. Correction coefficients 
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corresponding to the higher gray level and the lower gray level respectively for each 
sensitivity value of photoconductor are memorized if the granularity parameter is the 
sensitivity of photoconductor. Correction coefficients corresponding to the higher gray level 
and the lower gray level respectively for each surface temperature of photoconductor are 
memorized if the granularity parameter is the surface temperature of photoconductor. 
Correction coefficients corresponding to the higher gray level and the lower gray level 
respectively for each developing bias voltage are memorized if the granularity parameter is 
the developing bias voltage. Therefore, these correction coefficients are read for the 
successive correction processes. 

[00088] A correction computation circuit 53 receives the image signal, the driving current 
la, and the driving current lb, and calculates a corrected driving current Ig comprising 6 bits 
by using linear interpolation from a slanted line connecting between the driving current la at 
point a and the driving current lb at point b in accordance with the gray level G of the pixel 
included in the image signal. Thereafter, the correction computation circuit 53 feeds out 
driving data comprising the 4-bit gray level G and the 6-bit corrected driving current Ig to the 
LED array exposure device 17. The LED array exposure device 17 turns on the light-emitting 
element for the duration expressed by the gray level G of the pixel by the corrected driving 
current Ig fed through the driver IC 33 (Figs. 2 and 3) in accordance with the driving data. 

[00089] Next, a third and a fourth correction methods including a correction for the 
granularity parameter in a higher gray level and a lower gray level will be described with 
reference to Fig. 18 to Fig. 19 respectively. Although, in the interest of clarity, the granularity 
parameters are exemplified by the screen angle in the following descriptions, it is possible to 
replace the screen angle and parts relating thereto with the sensitivity of photoconductor, the 
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surface temperature of photoconductor, or the developing bias voltage. In addition, a large or 
a small screen angle corresponds to a high or a low sensitivity of photoconductor, a high or a 
low surface temperature of photoconductor, and a high or a low developing bias voltage 
respectively. 

[00090] <Third correction method> 

Fig. 18 is a flowchart-type schematic diagram showing the third correction method relating to 
the present invention to be performed in driving each light-emitting element. To simplify the 
descriptions, one correction group is assumed to be composed of five light-emitting elements. 
However, it is desirable that one correction group comprise one LED array chip or 32 to 256 
light-emitting elements in actual cases. 

[00091] In Fig. 18, in the first step S41, pixel data to be printed are taken into the 
correction circuit 41. Here, a first pixel is pixel #1 and pixels up to pixel #5 are shown. In the 
next step S42, the gray level G that each of pixel #1 to pixel #5 has is read. In step S43, the 
screen angle S is read. In S44, the light quantity correction coefficient L of the light-emitting 
element corresponding to each of pixel #1 to pixel #5 is read. In S45, the beam spot area A of 
the light-emitting element corresponding to each pixel is read. In S46, an average value M of 
the beam spot areas for pixel #1 to #5 is calculated. In S47, a difference D (M - A) between 
the average value M and the beam spot area A for each pixel is calculated. Furthermore, in 
S48, a ratio P (D/M) of each difference D to the average value Mis calculated. 

[00092] The larger an absolute value of the ratio P obtained in this way is, the more the 
beam spot area A of the light-emitting element corresponding to that pixel varies from the 
average of the group. Because of this reason, in S49, the ratio P obtained as above is weighted 
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for correction. Coefficients required for correcting for the ratio P to the degree corresponding 
to the weight thereof should be obtained through a separate test. Thus obtained coefficient is 
called a beam spot area correction coefficient B. In the next step S50-1, a correction 
coefficient Ca at point a is obtained through a process of assigning weights according to the 
screen angle S for a lower gray level (a process of screen angle correction coefficient 
calculation) so that a weaker correction is applied if the screen angle S is larger or a stronger 
correction is applied if the screen angle S is smaller as explained before. In a similar manner, 
in S50-2, a correction coefficient Cb at point b is obtained through a process of assigning 
weights according to the screen angle S for a higher gray level (a process of screen angle 
correction coefficient calculation) so that a stronger correction is applied if the screen angle S 
is larger or a weaker correction is applied if the screen angle S is smaller as explained before. 

[00093] In the next step S51-1, a standard driving current for the light-emitting elements is 
multiplied by the light quantity correction coefficient L for each pixel and further multiplied 
by the correction coefficient Ca at point a obtained as mentioned above so as to produce the 
driving current la at point a for each light-emitting element. In a similar manner, in S51-2, the 
standard driving current for the light-emitting elements is multiplied by the light quantity 
correction coefficient L for each pixel and further multiplied by the correction coefficient Cb 
at point b obtained as mentioned above so as to produce the driving current lb at point b for 
each light-emitting element. Finally, in S51-3, the corrected driving current Ig is obtained by 
using linear interpolation on a slanted line connecting between the driving current la at point 
a and the driving current lb at point b in accordance with the gray level G of the pixel. 

[00094] Because the light-emitting element of the LED array exposure device 17 is 
corrected with consideration given to the influence of the lens array 32 through a method as 
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described above for variations appearing in the observed image which is affected by the light 
quantity, the beam spot area, or the screen angle, it is possible to achieve a substantial 
reduction in the occurrence of uneven densities or streaks. In the example explained above, 
because the correction is performed for each light-emitting element within a group consisting 
of five by averaging the group, the pixels are printed uniformly if the average values between 
the groups are almost identical. However, if the average value differs from group to group, it 
is possible to obtain more effective results by employing the following method. 

[00095] <Fourth correction method> 

Fig. 19 is a flowchart-type schematic diagram showing the fourth correction method relating 
to the present invention to be performed in driving each light-emitting element. To simplify 
the descriptions, one correction group is assumed to be composed of five light-emitting 
elements. However, it is desirable that one correction group comprise one LED array chip or 
32 to 256 light-emitting elements in actual cases. 

[00096] In Fig. 19, in the first step S61, N pieces of pixel data for each scan line or scan 
block (e.g., an LED array chip as a unit) to be printed are taken into the correction circuit 41 . 
The pixels are numbered from #1 to #N and a particular pixel is #«. In Fig. 19, the pixels from 
the first pixel #1 to pixel #9 are shown. In the next step S62, the gray level G is read. In S63, 
the screen angle S is read. In S64, the light quantity correction coefficient L of the light- 
emitting element corresponding to each pixel is read. In S65, the beam spot area A of the 
light-emitting element corresponding to each pixel is read. In S66-1, by making pixel #1 a 
targeted pixel, an average value Ml of the beam spot areas A for pixel #1 to #5 is calculated. 
In S66-2, by making pixel #2 a targeted pixel, an average value M2 of the beam spot areas A 
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for pixel #2 to #6 is calculated. In S66-3, by making pixel #3 a targeted pixel, an average 
value M3 of the beam spot areas A for pixel #13 to #7 is calculated. In S66-4, by making pixel 
#4 a targeted pixel, an average value M4 of the beam spot areas A for pixel #4 to #8 is 
calculated. In S66-5, by making pixel #5 a targeted pixel, an average value M5 of the beam 
spot areas A for pixel #5 to #9 is calculated. In the same manner, the average values Mn are 
obtained until the targeted pixel becomes pixel #N. 

[00097] In actual cases, the light-emitting elements are laid beyond the effective scanning 
width. Therefore, if the average value M is to be obtained by making the last pixel #N within 
the effective scanning width the targeted pixel, it is possible to use the light-emitting elements 
laid beyond effective scanning width. Alternatively, it is also possible to reduce a sampling 
number for calculating the average value M for a region including the last pixel. In S67, a 
difference Dn (Mn - An) between the average value Mn for the targeted pixel #n and the 
beam spot area An of that pixel is calculated. Furthermore, in S68, a ratio Pn (Dn/Mn) of the 
difference Dn to the average value Mn is calculated. 

[00098] The larger an absolute value of the ratio Pn obtained in this way is, the more the 
beam spot area An of the light-emitting element corresponding to that pixel varies from the 
average of the group. Because of this reason, in S69, the ratio Pn obtained as above is 
weighted for correction. Coefficients required for correcting for the ratio Pn to the degree 
corresponding to the weight thereof should be obtained through a separate test. Thus obtained 
coefficient is called a beam spot area correction coefficient Bn. In the next step S70-1, the 
correction coefficient Ca at point a is obtained through a process of assigning weights 
according to the screen angle S in a lower gray level (a process of screen angle correction 
coefficient calculation) so that a weaker correction is applied if the screen angle S is larger or 
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a stronger correction is applied if the screen angle S is smaller as explained before. In a 
similar manner, in S70-2, the correction coefficient Cb at point b is obtained through a 
process of assigning weights according to the screen angle S in a higher gray level (a process 
of screen angle correction coefficient calculation) so that a stronger correction is applied if the 
screen angle S is larger or a weaker correction is applied if the screen angle S is smaller as 
explained before. 

[00099] In the next step S71-1, a standard driving current for the light-emitting elements is 
multiplied by the light quantity correction coefficient L for each pixel and further multiplied 
by the correction coefficient Ca at point a obtained as mentioned above so as to produce the 
driving current la at point a for each light-emitting element. In a similar manner, in S71-2, the 
standard driving current for the light-emitting elements is multiplied by the light quantity 
correction coefficient L for each pixel and further multiplied by the correction coefficient Cb 
at point b obtained as mentioned above so as to produce the driving current lb at point b for 
each light-emitting element. Finally, in S71-3, the corrected driving current Ig is obtained by 
using linear interpolation on a slanted line connecting between the driving current la at point 
a and the driving current lb at point b in accordance with the gray level G of the pixel. 

[000100] In the above-mentioned method, by using an average value (moving average) of a 
moving group based on a targeted pixel, the light-emitting element of the LED array exposure 
device 17 is corrected with consideration given to the influence of the lens array 32 for 
variations appearing in the observed image which is affected by the light quantity, the beam 
spot area, or the screen angle. Because the correction is based on a moving average, it is 
possible to make lenient continuous corrections and thus further reduce the uneven densities 
or streaks being generated. 
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[000101] In the first to fourth correction methods, although the descriptions are based on an 
example using a group of five pixels including and following the targeted pixel in order to 
obtain the average value M, it is possible to use not only a plurality of pixels including and 
following the targeted pixel, but also a plurality of pixels continuing across the targeted pixel. 
Moreover, the pixels in the group may be contiguous pixels or discontiguous pixels such as 
the pixels picked up every other pixeL Additionally, it goes without saying that a number of 
pixels forming the group are not limited to five as mentioned earlier. Values used in 
describing these correction methods are for the purpose of helping facilitate understanding of 
the present invention, and the scope thereof is not bounded by these values. 

[000102] Furthermore, although the examples described above deal with a pixel having 16 
gray levels (4 bits) and the driving current for the light-emitting element divided into 64 
levels (6 bits), it is to be understood that within the scope of the present invention, the invention 
may be practiced other than as specifically described. In addition, the corrections described with 
reference to Fig. 10, Fig. 1 1, Fig. 18, and Fig. 19 may be performed by a controller provided in 
the LED array exposure device 17, an external controller, or a controlling portion included in a 
control circuit of the color printer 11. Also, the corrections may be performed by arithmetic 
computations, a circuit integrated in an ASIC (application-specific integrated circuit), or the like. 

[000103] In the first to fourth correction methods, it has been explained that the granularity 
parameter is one of the screen angle, the sensitivity of photoconductor, the surface 
temperature of photoconductor, and the developing bias voltage. In actual cases, the extent to 
which the granularity of image is affected by each of the granularity parameters is different 
depending on a configuration, components to be used in the color printer 11, type of 
consumables, or the like, it is desirable that such a granularity parameter that affects the most 
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be selected and that the correction be performed for that granularity parameter. 

[000104] In case there are two granularity parameters that affect the granularity of image 
significantly, for example, a granularity correction coefficient by which the granularity is 
minimized is obtained through an experiment in which various types of combinations of a 
first granularity parameter and a second granularity parameter each of which weighted to 
different degrees are tested. Thereafter, these combinations and the granularity correction 
coefficients are entered into a database and incorporated into the correction circuit 41 shown 
in Fig. 9 or Fig. 17 as an optimization circuit. In this way, it is possible to perform each 
correction described in the first to fourth correction methods. 

[000105] Fig. 20, based on Fig. 9 relating to the first and second correction methods, is a 
diagram showing a method in which two types of granularity parameters are fed in; a 
granularity correction coefficient by which the granularity is minimized is obtained through 
the optimization circuit; and thus obtained granularity correction coefficient is used in a 
correction circuit. The illustration shows an example in which the screen angle is used as the 
first granularity parameter and the developing bias voltage as the second granularity 
parameter. The screen angle is fed to a first parameter input terminal 41a and the developing 
bias voltage is fed to a second parameter input terminal 41b. An optimization circuit 41c 
arranged inside of a correction circuit 41 holds the database whose data have been obtained 
through the above-mentioned test as a data table. Therefore, even if two granularity 
parameters are combined, a granularity correction parameter by which the granularity is 
minimized is fed and used by the correction circuit 41 for the compensation control. The 
granularity correction coefficient described here corresponds to the correction coefficient for 
the screen angle explained in step S9 in Fig. 10 or the correction coefficient for the screen 

-46- 



angle explained in step S29 in Fig. 1 1 . 



[000106] Fig. 21, based on Fig. 17 relating to the third and fourth correction methods, is a 
diagram showing a method in which two different types of granularity parameters are fed in; 
granularity correction coefficients by which the granularity is minimized for a lower and a 
higher gray levels respectively is obtained through the optimization circuit; and the correction 
is performed by using a resultant value obtained by using linear interpolation whose 
calculation is performed in a two-point correction calculation circuit. The illustration shows 
an example in which the screen angle is used as the first granularity parameter and the 
developing bias voltage as the second granularity parameter. 

[000107] Through a first parameter input terminal 41a and a second parameter input 
terminal 41b, a screen angle and a developing bias voltage are fed to a two-point correction 
calculation circuit 52 respectively. Granularity correction coefficients for a lower and a higher 
gray levels respectively are fed to the two-point correction calculation circuit 52. Then, a 
corrected driving current la at point a and a corrected driving current lb at point b are 
calculated and fed to a correction computation circuit 53 so that linear interpolation is 
performed in accordance with a gray level G of pixel. The granularity correction coefficient 
described here corresponds to the correction coefficient for the screen angle for a lower gray 
level explained in step S50-1 in Fig. 18 or the correction coefficient for the screen angle for a 
higher gray level explained in step S50-2. The granularity correction coefficient described 
here also corresponds to the correction coefficient for the screen angle for a lower gray level 
explained in step S70-1 in Fig. 19 or the correction coefficient for the screen angle for a 
higher gray level explained in step S70-2. 
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[000108] Although the example of combining the screen angle and the developing bias 
voltage as two granularity parameters has been described above, it is also possible to combine 
other granularity parameters or combine three or more granularity parameters. 

[000109] According to the present invention, as described before, the present invention 
provides the following advantages. 

[000110] According to the present invention, the LED array exposure device is so 
configured that a correction for light quantity is superimposed on by a correction for beam 
spot area for variations in beam spot areas of a light beam which passed through a lens array 
and a weighted correction for the magnitude of the correction for beam spot area in 
accordance with such a parameter that affects the image granularity as a screen angle of pixel, 
a sensitivity of photoconductor, a surface temperature of photoconductor, and a developing 
bias voltage. Consequently, the present invention provides an advantage in which the uneven 
densities or streaks appearing in the image can be significantly reduced, which otherwise 
cannot be achieved effectively by way of a conventional method for performing only a 
correction for light quantity. 

[000111] According to another aspect of the present invention, the LED array exposure 
device is so configured that a correction for light quantity is superimposed on, according to 
the gray level of pixel, by a correction for beam spot area for variations in beam spot areas of 
a light beam which passed through a lens array and a weighted correction for the magnitude 
of the correction for beam spot area in accordance with such a parameter that affects the 
image granularity as a screen angle of pixel, a sensitivity of photoconductor, a surface 
temperature of photoconductor, and a developing bias voltage. It is possible to further reduce 
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the uneven densities or streaks appearing in the image. 

[000112] Furthermore, according to the present invention, the beam spot area correction 
coefficient is a value that corresponds to a magnitude of a difference between an average 
value obtained by averaging out beam spot areas of a plurality of light-emitting elements 
including the light-emitting element for which a correction is performed and the beam spot 
area of the light-emitting element for which a correction is performed. According to this 
configuration, adverse effects caused by a sharp step-by-step correction are hard to occur. 

[000113] According to another aspect of the present invention, the plurality of light-emitting 
elements are shifted along with the light-emitting element for which a correction is performed 
so that a moving average is obtained as the average value of beam spot areas. In this 
configuration, the correction is performed gradually, thereby making borders of corrections 
hard to be recognizable. 
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